SUMMARY Plasma concentration-time data after oral and intravenous administration of dexamethasone have been subjected to pharmacokinetic analysis in six neurological or neurosurgical patients taking the steroid with phenytoin, and in nine patients (one studied twice) taking dexamethasone without phenytoin. An additional patient was studied before and during phenytoin intake. Apparent volume of distribution was similar in the two groups, but the group treated with phenytoin had an almost statistically significantly shorter dexamethasone mean terminal half-life, an approximately trebled mean plasma clearance, and a mean oral bioavailability of the steroid of only 33%, compared with a mean 84% oral bioavailability in those not receiving phenytoin. To achieve a given plasma dexamethasone concentration, patients treated with the steroid and phenytoin may need oral dexamethasone doses several times those required by patients not receiving phenytoin.
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The anticonvulsant phenytoin is now being used successfully to reduce the incidence of epilepsy after craniotomy.' At and around the time of such surgery the glucocorticoid dexamethasone is often given to help control intracranial pressure. There is evidence from experimental studies, carried out with radioactive steroid, that phenytoin intake increases the clearance of dexamethasone and shortens its plasma half-life.23 This interaction between the drugs might be expected to occur when phenytoin and dexamethasone are used together, as occurs at times in neurological and neurosurgical practice. In a previous study in six neurological patients4 we found that dexamethasone was incompletely bioavailable when given by mouth. To an extent the lowest bioavailabilities correlated with simultaneous intake of phenytoin, but the numbers studied were too small for definite conclusions. We have now extended these observations and have obtained evidence that phenytoin intake is associated with a substantial reduction in the oral bioavailability of dexamethasone, a finding which has implications for the
Materials and methods
Patients studied The subjects studied comprised 16 patients who gave informed consent, and received dexamethasone therapy for various neurological or neurosurgical conditions. Nine of these patients did not receive phenytoin at any time; six did receive the anticonvulsant. One subject (Subject A) was studied twice, once before and once during phenytoin therapy. One of the nine subjects who did not receive phenytoin (Subject F) was also studied twice, five weeks apart. Thus the whole investigation comprised 18 studies in 16 subjects. The investigational protocol had received institutional ethics committee approval. Personal details of the patients, of the disorders for which they received dexamethasone, of their concurrent medication and the duration of their phenytoin therapy at the time of study, are provided in table 1. Subjects H, I, M, N, 0 and P were included in a previous publication4 but their data have here been reworked by a different method of data analysis, as described below. 20 mg) was given to replace the morning oral steroid dose, and plasma dexamethasone levels were followed at intervals for the next 8 hours. Whenever practicable, the steroid dose immediately prior to the study was given at least 8 hours earlier, if the patient was receiving dexamethasone 6
hourly the dose following the test dose was deferred for 2 hours to permit an 8 hour study. Whenever feasible, within 24 hours of the intravenous dose the study was repeated with the same dexamethasone dose, given orally. Routine patient care and all other therapy continued unaltered during each study. 
Data Analysis
A two compartment open linear pharmacokinetic model' provided a satisfactory fit to the data in all instances. The intravenous and oral plasma level-time data for each subject were fitted simultaneously to linear equations of the forms C = ae-at + be-Pt, and C = ae-at + be-Pt -ce-Yt (where y = k.b5, the absorption rate constant), for the intravenous and the oral data respectively, using a Pascal language iterative curve fitting program based on Marquardt's (1963) algorithm.7 '[he program used is part of the Stemkinetics software written for Apple II microcomputers by Stemsoft Pty, Ltd. Because of the larger number of data points available in paired studies carried out only 24 hours apart, the simultaneous fitting gave greater precision to the estimates of disposition parameters than separate curve fitting to each set of intravenous or oral data.
Area under the plasma level-time curve over the period of measurement (AUCOt) was calculated using trapezoidal rule integration, with CO in the case of intravenous data being obtained from the sum of a and b. Area under the curve to infinity (AUCo-)00) was calculated by adding to the AUCot calculated as above the quantity Ctf,8 (= AUCqo0). Where the experimentally measured CO had a positive value, as it did in 11 of the 36 studies, due to the presence of residual dexamethasone from the previous drug dose, AUCo-0 was corrected for this effect by subtracting the quantity C0I// from the value of AUCo,.
derived as above. Pharmacokinetic parameters were calculated in the usual way:
Clearance (CL) = dose/AUC<,OO Phenytoin impairs the bioavailability of dexamethasone in neurological and neurosurgical patients 1089 For testing the statistical significance of differences between the means, the data for subject C and the second set of data from subject F were excluded from consideration. Subject C had received a much higher dexamethasone dose than all othe*r subjects and his terminal elimination half-life value was so much greater than that of other subjects that it was decided to regard him as an "outlier". In the studies in subjects not exposed to phenytoin, mean terminal phase plasma half-life (3-34 + SD 1-15 hours) was longer than in those who had received phenytoin (1-81 + 1-78 hours), though the difference was not quite statistically significant (t = 2-0881, 0-1 > p > 0-05). Mean apparent volume of distribution was reasonably similar in the two groups (1-200 + SD 0-270 L.kg-' and 1-316 ± SD 0-875 L.kg-': t = 0-3329, p > 0-7). Systemic clearance was statistically significantly lower (t = 3-1816, p < 0-01) in those not exposed to phenytoin (0-272 ± SD 0-129 L.kg-'hr-') than in those receiving the anticonvulsant (0-798 + SD 0-479 L.kg-'hr-'). Mean oral bioavailability of dexamethasone was reasonably complete in the subjects not taking phenytoin (0-84 + SD 0-23), but was substantially lower in those taking dexamethasone with phenytoin (0-33 + SD 0-33), the difference being statistically significant (t = 3-7222, p < 0-005). Dexamethasone absorption rate constant after oral administration was reasonably high (arithmetic mean rate constant 2-10 + SD 1-37 hour-' in those 1090 not receiving phenytoin, and 3-18 + 3-41 hour-' in those taking this anticonvulsant).
It was notable that the oral bioavailability of dexamethasone in all but one subject taking the drug with phenytoin was 0-35 or less. The one exception (Subject M, with a bioavailability of 1-05) had taken phenytoin for only 24 hours before the oral bioavailability study began. All subjects with low oral bioavailabilities of the drug had taken phenytoin for at least 3 days. Excluding Subject M, there was no overlap in the oral bioavailability findings between the high values in those not taking phenytoin and the low values in those taking this anticonvulsant.
Discussion
The present investigation has shown that phenytoin intake is associated with a substantially lowered bioavailability of orally administered dexamethasone. Because the orally-administered steroid did not absorb more slowly in those receiving phenytoin than in those not receiving this anticonvulsant, the bioavailability difference is unlikely to depend on impaired absorption. Dexamethasone is eliminated from the body almost entirely by metabolism.' For such a substance, with a mean clearance value after intravenous administration of around 0-25 L.kg-'hour-', one might anticipate that after oral administration there could be appreciable presystemic elimination on first passage through the liver. Consequently the oral bioavailability would tend to be somewhat incomplete. Should systemic clearance be increased further, as is known to happen after phenytoin intake,3 a finding which has been confirmed in the present study, one would expect that even higher proportions of an oral dose would be metabolised in the liver before reaching the general circulation. Thus the considerably reduced dexamethasone oral bioavailability following phenytoin intake could be explained. Exposure to the anticonvulsant would appear to induce the liver mono-oxygenase system, and thus increase the liver's enzymatic capacity for degrading dexamethasone. In the present study, the only subject taking phenytoin who did not have a considerably reduced dexamethasone oral bioavailability was the subject who, when first studied (by the oral route), had taken the anticonvulsant for only 24 hours. In another subject even after only 3 days of phenytoin intake the oral bioavailability of dexamethasone was substantially reduced. 
